
FUEL INJECTION VALVE FOR INTERNAL COMBUSTION ENGINES 
[0001] Prior Art 

[0002] The invention is based on a fuel injection valve for 
internal combustion engines, preferably self -igniting internal 
combustion engines, as generically defined by the preamble to 
claim 1. One such fuel injection valve is known from 
International Patent Disclosure WO 96/19661. A blind bore in 
which a valve member is guided is embodied in a valve body. The 
valve member is surrounded on its portion toward the combustion 
chamber by a pressure chamber, which can be filled with fuel at 
high pressure. A conical valve seat is embodied on the bottom 
face of the blind bore, toward the combustion chamber. Moreover, 
at least one injection port, which connects the bore to the 
combustion chamber, is embodied on the bottom face. 

[0003] In the closing position, the valve member with its valve 
member tip comes into contact with the valve seat and thus closes 
the injection ports off from the pressure chamber. Two conical 
faces are disposed on the valve member tip, and at their 
transition an encompassing annular groove is formed, which 
defines the effective seat diameter of the valve member and has 
the effect that the opening pressure of the fuel in the pressure 
chamber during operation does not change. The result is a 
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constant, replicable injection quantity and thus optimal 
combustion, as long as the valve member moves in a precisely 
centered way in the bore. 

[0004] If the valve member comes off its axis, the inflow of 
fuel from the pressure chamber at the conical faces of the valve 
member tip and past the sealing edge to the injection ports is 
no longer symmetrical. The injection ports, relative to which 
the valve member is also off its axis, are covered at the onset 
of the opening stroke motion by the valve member, so that no fuel 
or only very little fuel can flow to them. Only in the course 
of the complete opening stroke motion of the valve member are the 
initially covered injection ports uncovered, and only then can 
the fuel also flow through these injection ports. The 
consequence is a reduction in the total injected fuel quantity 
and thus a power loss to the engine. 

[0005] The uneven injection into the combustion chamber also 
causes an air- fuel mixture that is supersaturated with fuel to 
form in some regions of the combustion chamber volume, while in 
other regions there is too little fuel in proportion to the 
existing air. In the supersaturated regions, incomplete 
combustion accordingly takes place, with the well- known adverse 
effects on the concentration of pollutants in the exhaust gas. 
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[0006] Advantages of the Invention 

[0007] Tlie fuel injection valve of the invention, as defined by 
the characteristics of the body of claim 1, has the advantage 
over the prior art that in the region of the injection ports, at 
the second conical face of the valve member tip, a further 
encompassing annular groove is formed, which at the very outset 
of the opening stroke motion distributes the fuel, flowing from 
the pressure chamber to the injection ports, to all the injection 
ports. If in the opening strolce motion the valve member is off 
its axis toward one injection port, then some of the fuel flowing 
to the other injection ports is diverted into a tangential flow 
through the additional annular groove and thus flows to that 
injection port. This assures an adequate inflow of fuel to all 
the injection ports, and even if the valve member is off its 
axis, a symmetrical injection through all the injection ports is 
obtained, and the aforementioned disadvantages of uneven 
injection are averted. 

[0008] In an advantageous feature, longitudinal grooves are 
formed in the conical face between the annular groove and the 
additional annular groove. Through these longitudinal grooves, 
the fuel is distributed more uniformly and quiclcly to all the 
injection ports even if the valve member is off its axis. 



3 



± Oil! 6 ^ S £i. e «. Cili 7 O 3 Oi H 

[000 9] In a further advantageous feature, the longitudinal 
grooves are embodied in an incline to the jacket lines of the 
conical face disposed between the annular groove and the 
additional annular groove. The result in the region of the 
injection ports is a tangential flow of fuel in the additional 
annular groove around the valve member, which additionally 
reinforces a uniform distribution of the fuel to the injection 
ports . 

[0010] Further advantages and advantageous features of the 
subject of the invention can be learned from the drawing, the 
description of the exemplary embodiment, and the claims. 

[0 011] Drawing 

[0 012] Various exemplary embodiments of the fuel injection valve 
of the invention are shown in the drawing. Fig. 1 shows a fuel 
injection valve partly in longitudinal section; Fig. 2 is an 
enlarged view of Fig. 1 in the region of the valve seat, and 
Figs. 3, 4, 5 and 6 show the same detail as Fig. 2 for further 
exemplary embodiments. 
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[0013] Description of the Exemplary Embodiment 

[0014] Fig. 1 shows a longitudinal section through a fuel 
injection valve. A bore 3, which is embodied as a blind bore and 
whose closed end is toward the combustion chamber, is disposed 
in a valve body 1 . A conical valve seat 9 and at least one 
injection port 11, which connects the bore 3 to the combustion 
chamber, are embodied on the bottom face of the bore 3. A valve 
member 5 is disposed in the bore 3 and is guided sealingly in the 
bore in a portion 105 remote from the combustion chamber. The 
valve member 5 tapers, forming a pressure shoulder 13, toward the 
combustion chamber and merges with a valve member shaft 205. The 
end toward the combustion chamber of the valve member 5 forms a 
valve member tip 7, which adjoins the valve member shaft 205 and 
tapers further toward the combustion chamber. 

[0015] The pressure shoulder 13 of the valve member 5 is 
disposed in a pressure chamber 19, which is embodied in the valve 
body 1 and surrounds the valve member 5 and which continues, 
toward the combustion chamber, in the form of an annular conduit 
surrounding the valve member 5 and extends as far as the valve 
seat 9. The pressure chamber 19 can be filled with fuel at high 
pressure via an inflow conduit 25 embodied in the valve body 1. 
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[0016] By means of a closing force, which engages the face end, 
remote from the combustion chamber, of the valve member 5, the 
valve member 5 is pressed by the jacket face of the valve member 
tip 7 against the valve seat 9. The jacket face of the valve 
member tip 7 upon contact with the valve seat 9 cooperates with 
the valve seat in such a way that the injection ports 11 are 
closed off from the pressure chamber 19. In this closing 
position of the valve member 5, the pressure shoulder 13 and part 
of the valve member tip 7 are acted upon by the fuel pressure of 
the pressure chamber 19, 

[0017] The closing force is generated by a device that is 
disposed in a valve holding body, not shown in the drawing, which 
in the installed position of the fuel injection valve is braced 
against the face end, remote from the combustion chamber, of the 
valve body 1. This device can for instance be a prestressed 
spring that acts at least indirectly on the valve member 5, It 
can also be provided that there are multiple spring in the valve 
holding body, which generate the closing force individually or 
in common as a function of the stroke of the valve member 5. 
Besides being generated by elastic elements such as springs, 
however, the closing force can also be generated hydraulically, 
for instance if a control element moved hydraulically acts at 
least indirectly on the valve member 5 and urges it in the 
closing position. 
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[0018] The opening stroke motion of the valve member 5 is 
initiated when the fuel pressure in the pressure chamber 19 rises 
from a delivery of fuel from the inflow conduit 25. As a result, 
the hydraulic force on the pressure shoulder 13 and on the fuel- 
impinged part of the valve member tip 7 rises, bringing about a 
resultant force on the valve member 5 in the axial direction. 
If this resultant force exceeds the closing force, then the valve 
member 5 lifts from the valve seat 9, and fuel can flow out of 
the pressure chamber 19 past the valve member tip 7 to the 
injection ports 11 and from there can reach the combustion 
chamber. When the fuel pressure in the pressure chamber 19 drops 
again, so that the resultant force becomes less than the closing 
force, the valve member 5 moves toward the valve seat 9 until it 
is seated there, closing the injection ports 11 and terminating 
the fuel injection. 

[0019] In Fig. 2, the fuel injection valve is shown enlarged in 
the region of the valve member tip 7 in the closing position of 
the valve member 5. The valve seat 9 is a conical face with a 
cone angle which preferably amounts to from 50 to 70°. At the 
end toward the combustion chamber, the valve seat 9, for 
production reasons, changes into a bulge 48. At least one 
injection port 11 is embodied in the valve seat 9 and extends 
either perpendicularly or at an incline to the valve sealing face 
9. If a plurality of injection ports 11 are provided, then they 
are preferably distributed uniformly over the circumference of 
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the valve body 1, tailored to the engine combustion chamber to 
be supplied. The injection ports 11 can for instance be located 
in a common radial plane to the axis of the valve member 5, or 
distributed over a plurality of radial planes, or be located in 
a plane that is inclined to the axis of the valve member 5. 

[0020] The valve member shaft 205, on its end toward the 
combustion chamber, merges with the valve member tip 7, forming 
an intermediate conical face 28. Provision can also be made for 
the intermediate conical face 2 8 to be omitted and for the 
diameter of the valve member shaft 205 to be equivalent to that 
of the outline of the valve member tip 7. A first conical face 
3 0 is embodied on the valve member tip 7; it adjoins the valve 
member shaft 205 and has a cone angle a that is less than the 
cone angle y of the valve seat 9. Toward the combustion chamber, 
the first conical face 30 is adjoined by a second conical face 
32, which has a cone angle (3 that is larger than the cone angle 
Y of the valve seat 9. A differential angle 5^ is thus formed 
between the first conical face 3 0 and the valve seat 9, and a 
differential angle 62 is formed between the second conical face 
32 and the valve seat 9. The differential angles S^, 63 are 
preferably smaller than 1.5°. On the end toward the combustion 
chamber, the valve member 5 is flattened, forming an end face 52, 
which in the closing position of the valve member 5 is disposed 
inside the bulge 48. 
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[0021] At the transition from the first conical face 30 to the 
second conical face 32, an encompassing annular groove 35 is 
disposed, extending in a radial plane to the axis 50 of the valve 
member 5, The first groove edge 38, which is upstream in terms 
of the fuel flow to the injection ports, is located on the first 
conical face 30, while the second, downstream groove edge 3 9 is 
located on the second conical face 32, As a result, in the 
closing position of the valve member 5, the first groove edge 38 
comes to rest on the valve seat 9 and seals off the injection 
ports 11 from the pressure chamber 19. 

[0022] Because of the closing force on the valve member 5 and 
the attendant elastic deformation of the first groove edge 38 as 
well as the preferably small differential angles S^, 62, the 
second groove edge 3 9 additionally comes into contact with the 
valve seat 9 in the closing position of the valve member 5. This 
increases the contact surface area, and the pressures per unit 
of surface area at the valve seat 9 become less. 

[0023] An additional annular groove 42 is embodied on the second 
conical face 32. This annular groove is disposed such that it 
covers the injection ports 11 in the closing position of the 
valve member 5. The additional annular groove 42 has a cross 
section that is preferably greater than or equal to the cross 
section of an injection port 11, so as to enable an unthrottled 
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flow of fuel in the tangential direction in the additional 
annular groove 42 to the injection ports 11, The cross-sectional 
shape can be that of a circular arc or can assume any other 
arbitrary shape, such as a polygonal course or an elliptical 
curve course . 



[0024] If the injection ports 11 are disposed in a common radial 
plane to the axis 50 of the valve member 5, then the additional 
annular groove 42 is also disposed in such a radial plane. 
Conversely, if the injection ports 11 are disposed in a plane 
that is inclined to the radial plane, then the additional annular 
groove 42 can correspondingly extend in an inclined plane, so as 
to cover all the injection ports 11 in the closing position. 

[0025] The mode of operation of the additional annular groove 
42 is as follows: If the valve member 5 from the hydraulic force 
lifts from the valve seat 9, it can happen that the valve member 
5 will come off its axis relative to the axis of the bore 3 at 
the valve seat 9 to an injection port 11. The fuel inflow from 
the pressure chamber 19 to this injection port 11 is then only 
limitedly possible, while the remaining injection ports 11, 
through a flow of fuel past the valve member tip 7, are supplied 
with fuel. By means of the additional annular groove 42, some 
of the fuel flow is diverted into a tangential flow by the 
additional annular groove 42, so that from the onset of the 
opening stroke motion onward, fuel in an adequate amount flows 
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to the injection port 11 relative to which the valve member 5 is 
off its axis. In the course of the further opening stroke 
motion, the valve member 5 with the valve member tip 7 lifts away 
from the valve seat 9 enough that coming off its axis is no 
longer a significant factor, and a fuel flow to the injection 
ports 11 is possible along the jacket lines of the valve member 
tip 7. Because of this effect of the additional annular groove 
42, a uniform injection of fuel is assured, and as a result the 
fuel injection can proceed replicably and in a manner tuned 
optimally to the engine operating state. 

[0026] In Fig. 3, a further exemplary embodiment of the fuel 
injection valve of the invention is shown. The structure is 
precisely equivalent to that shown in Fig. 2, except that here, 
longitudinal grooves 55 that connect the two annular grooves 35, 
42 to one another are disposed on the conical face formed between 
the annular groove 35 and the additional annular groove 42. The 
longitudinal grooves 55 extend along jacket lines of the conical 
face formed between the annular grooves 35, 42. By means of 
these longitudinal grooves 55, a good inflow of fuel into the 
additional annular groove 42 is provided - especially when the 
injection valve is only slightly opened at the onset of the 
opening stroke motion. If it is provided that a plurality of 
longitudinal grooves 55 be disposed at the valve member tip 7, 
then they are preferably distributed uniformly over the 
circumference of the valve member tip 7. 
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[0027] Alternatively, it can also be provided that one or more 
longitudinal grooves 55 be embodied at an incline to the jacket 
lines of the conical face formed between the annular grooves 35, 
42, This imparts a tangential speed component to the fuel 
flowing through the longitudinal grooves 55 into the additional 
annular groove 42, and the fuel is thus quickly distributed to 
all the injection ports 11. 

[0028] In Fig. 4, a further exemplary embodiment of a fuel 
injection valve of the invention is shown. The first edge 3 8 of 
the additional annular groove 42 is located on the injection 
ports 11 in the closing position of the valve member 5, so that 
the conical face located between the annular grooves 35, 42 
partly covers the injection ports 11. 

[0029] In Fig. 5, the additional annular groove 42 is disposed 
at the valve member tip 7 in such a way that it completely covers 
the injection ports 11 in the closing position. The result is 
a distributing action of the additional annular groove 42 
immediately after the valve member tip 7 lifts from the valve 
seat 9 . 
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[0030] In Fig. 6, a fuel injection valve of the invention is 
shown in which the additional annular groove 42 is embodied as 
markedly wider than the diameter of the injection ports 11, and 
in the closing position of the valve member 5 it completely 
covers the injection ports 11, This makes it possible to cover 
a plurality of injection ports 11 that are not all located on the 
same radial plane relative to the longitudinal axis 50 of the 
valve member 5 but are still covered by the additional annular 
groove 42 in the closing position of the valve member 5. 
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